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MULTI-SECTION FILAMENTARY 
ENDOLUMINAL STENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/644,291, ?led Dec. 22, 2006, Which is a 
continuation of application Ser. No. 10/366,807, ?led Feb. 14, 
2003, now US. Pat. No. 7,160,319, Which is a divisional of 
application Ser. No. 09/442,165, ?led Nov. 16, 1999, now 
US. Pat. No. 6,585,758, the contents of Which are incorpo 
rated herein by reference. 

TECHNICAL FIELD 

[0002] This invention relates generally to endoluminal 
stents, grafts, and/or prostheses and, more speci?cally, to 
stents having multiple longitudinal sections of different stent 
architecture. 

BACKGROUND OF THE INVENTION 

[0003] A stent is an elongated device used to support an 
intraluminal Wall. In the case of a stenosis, a stent provides an 
unobstructed conduit for blood in the area of the stenosis. 
Such a stent may also have a prosthetic graft layer of fabric or 
covering lining the inside or outside thereof, such a covered 
stent being commonly referred to in the art as an intraluminal 
prosthesis, an endoluminal or endovascular graft (EVG), or a 
stent-graft. 
[0004] A prosthesis may be used, for example, to treat a 
vascular aneurysm by removing the pressure on a Weakened 
part of an artery so as to reduce the risk of rupture. Typically, 
a prosthesis is implanted in a blood vessel at the site of a 
stenosis or aneurysm endoluminally, i.e. by so-called “mini 
mally invasive techniques” in Which the prosthesis, restrained 
in a radially compressed con?guration by a sheath or catheter, 
is delivered by a deployment system or “introducer” to the site 
Where it is required. The introducer may enter the body 
through the patient’s skin, or by a “cut doWn” technique in 
Which the entry blood vessel is exposed by minor surgical 
means. When the introducer has been threaded into the body 
lumen to the prosthesis deployment location, the introducer is 
manipulated to cause the prosthesis to be ejected from the 
surrounding sheath or catheter in Which it is restrained (or 
alternatively the surrounding sheath or catheter is retracted 
from the prosthesis), Whereupon the prosthesis expands to a 
predetermined diameter at the deployment location, and the 
introducer is WithdraWn. Stent expansion may be effected by 
spring elasticity, balloon expansion, or by the self-expansion 
of a thermally or stress-induced return of a memory material 
to a pre-conditioned expanded con?guration. 
[0005] Various types of stent architectures are knoWn in the 
art, including many designs comprising a ?lament or number 
of ?laments, such as a Wire or Wires, Wound or braided into a 
particular con?guration. Included among these Wire stent 
con?gurations are braided stents, such as is described in US. 
Pat. No. 4,655,771 to Hans I. Wallsten and incorporated 
herein by reference, the ’771 Wallsten patent being only one 
example of many variations of braided stents knoWn in the art 
and thus not intended as a limitation of the invention 
described herein later. Braided stents tend to be very ?exible, 
having the ability to be placed in tortuous anatomy and still 
maintain patency. This ?exibility of braided stents make them 
particularly Well-suited for treating aneurysms in the aorta, 
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Where often the lumen of the vessel becomes contorted and 
irregular both before and after placement of the stent. 
[0006] Braided stents also have several disadvantages, 
hoWever. One such disadvantage is that the radial strength on 
the end of the braided stent is typically substantially less than 
the radial strength in the middle of the stent. Insuf?cient radial 
strength on the stent ends can result in an incomplete seal or 
migration of the device after implantation. Although ?aring 
the ends or covering the stent With a graft can enhance the 
radial strength of the ends, the radial strength may still be 
insuf?cient. Also, When a braided stent is placed around a 
curve so that the end of the stent terminates Within the curve, 
tapering of the stent end can result. This can also result in poor 
end sealing and migration. This phenomenon is particularly 
prevalent in stents greater than 16 nun in diameter. Although 
such tapering can be minimiZed by optimiZing braid charac 
teristics such as for example, Wire count, Wire diameter, and 
end ?are, this tapering effect is still of signi?cant concern. 
[0007] A number of other stent designs are knoWn in the art 
having greater radial strength but also having less ?exibility 
than braided stents. Such stent designs can be combined With 
a braided stent design to produce a multi-segment stent hav 
ing a ?exible, braided stent member in the middle and less 
?exible, hi gher-radial-strength stent members on the ends. 
Referring noW to FIG. 18, one knoWn Way of combining such 
stents is merely to implant a braided stent 180 across a region 
to be repaired (not shoWn), and then to implant a higher 
radial-strength stent 182 overlapping one or both ends 184 of 
the braided stent to more strongly anchor the braided stent to 
the lumen (not shoWn). Such a procedure, hoWever, requires 
the implantation of multiple stents. 
[0008] Referring noW to FIGS. 1 and 2, it is also knoWn, for 
example, to attach a braided stent member 2 to radially strong, 
rigid tubular stent end members 1 and 11. Braided stent mem 
ber 2 comprises meshing Wires 7 that criss-cross to form knots 
or overlaps 8. Wires 7 of braided stent member 2 are Welded 
to ?anges 6 of tubular stent end members 1 and 11 in pairs. 
This con?guration is described in detail in US. Pat. No. 
5,383,892 to Cardon et al. (hereinafter “Cardon”). 
[0009] In another con?guration, described in detail in US. 
Pat. No. 5,817,126 to Imran, strands or ribbons of metal are 
attached to opposite ends comprising slotted metal stents. The 
strands or ribbons are then intertWined to form a braided 
middle section. 

[0010] The con?guration disclosed in Cardon and Imran, 
hoWever, While being applicable for providing a braided stent 
joined to a slotted metal stent, does not address joining a 
?exible, ?lamentary braided stent to a more rigid, Wound 
?lamentary stent. Filamentary stents of various Winding con 
?gurations are Well-knoWn in the art, having various degrees 
of ?exibility or rigidity. Inasmuch as such Wound ?lamentary 
stents do not have discrete ?anges as shoWn in FIGS. 1 and 2 
and described in Cardon or ?at areas of slotted metal for 
joining ribbons or strands as described in Imran, a Wound 
?lamentary stent cannot be joined to a braided ?lamentary 
stent as described in Cardon or Imran. It may also be desirable 
to provide more continuity betWeen the end and middle sec 
tions than is offered by the mere Welding of the ends of the 
Wires or ribbons of the braided section to ?anges or other 
elements of the slotted metal ends, such Welding points poten 
tially forming Weak spots in the overall stent construction. 
Additionally, it may be desired to provide stents With variable 
radial strength sections having diameters larger than can be 
readily provided by slotted metal stents. In particular, it is 
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desirable to provide multi-section stents Wherein the ?exible 
middle section and the more rigid end sections all comprise 
?lamentary stents. 

SUMMARY OF THE INVENTION 

[0011] According to an embodiment of the invention, a 
multi-section ?lamentary stent comprises a braided section, 
Which is a cylindrical mesh of a ?rst set of ?laments, and at 
least one Wound section, Which is connected to the braided 
section and Which comprises a second set of one or more 
?laments in a repeating con?guration having at least one bent 
portion. For example, a braided center section may be con 
nected betWeen tWo Wound end sections. The repeating con 
?guration of the second set of ?laments in the Wound section 
may comprise: a Zig-Zag con?guration, an overlapping Zig 
Zag con?guration, a helical con?guration, a non-helical con 
?guration, or a con?guration having polygonal cells. The 
polygonal cells may comprise hexagonal cells or overlapping 
hexagonal cells. At least one continuous ?lament may be a 
member of both the ?rst set of ?laments in the braided section 
and the second set of ?laments in the Wound section, serving 
to connect the tWo sections. In one exemplary con?guration, 
at least one continuous ?lament may extend from the Wound 
section into the braided section as a redundant ?lament, a 
tracer ?lament, or a redundant tracer ?lament. 
[0012] The braided section is preferably connected to the 
Wound section by virtue of at least one of the ?laments being 
a member of both sets of ?laments. The sections may also be 
connected to one another by sutures or Welding, by a common 
graft providing a connection betWeen the braided section and 
the Wound section, or by one or more ?laments of the braided 
section looped around apices of the Wound sections, or by at 
least one ?lament of the Wound section looping around at 
least one overlap in the braided section. At least a portion of 
the Wound section may overlap and interlock With a portion of 
the braided section. 
[0013] According to another embodiment of the invention, 
a multi-section ?lamentary stent comprises a ?rst section, 
having a ?rst stent architecture comprising one or more ?la 
ments in a ?rst geometric con?guration, and a second section, 
having a second stent architecture comprising one or more 
?laments in a second geometric con?guration. The ?rst stent 
architecture has a ?rst ?exibility and a ?rst radial strength, 
and the second stent architecture has a second ?exibility less 
than the ?rst ?exibility and a second radial strength greater 
than the ?rst radial strength. The ?rst stent architecture com 
prises a braided stent architecture. At least one continuous 
?lament extends into both the ?rst and second sections. The 
stent may comprise a middle section having the ?rst stent 
architecture positioned betWeen a distal end section and a 
proximal end section, each end section having the second 
stent architecture. The distal end section and the proximal end 
section may be identical or different in length and/or archi 
tecture. In particular, Where the distal end is adapted to be 
positioned in a lumen upstream of the proximal end section 
relative to intraluminal ?uid ?oW, the length of the distal end 
may be greater or the architecture may have a greater radial 
strength than the proximal end. 
[0014] According to still another aspect of the invention, 
the stent comprises a ?rst section having a ?rst, braided stent 
architecture With a ?rst shortening ratio, and a second section 
having a second stent architecture With a second shortening 
ratio. The shortening ratio is the length of a section in its 
radially compressed con?guration (typically longer) divided 
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by its length in its radially expanded con?guration (typically 
shorter). The ?rst shortening ratio is greater than the second 
shortening ratio. The stent comprises at least one continuous 
?lament contained in both the ?rst and second sections. 

[0015] The invention also comprises various forms of the 
stent, including a single stent adapted for individual delivery 
in a body lumen, tWo or more modular components adapted 
for j oining together in situ in a non-branching lumen, and tWo 
or more modular components adapted for joining together in 
situ in a branching lumen. 

[0016] A stent according to the present invention may also 
comprise a ?rst section, having a ?rst, braided stent architec 
ture comprising one or more ?laments in a ?rst geometric 
con?guration and having a ?rst percentage of open area, and 
a second section, having a second stent architecture compris 
ing one or more ?laments in a second geometric con?guration 
and having a second percentage of open area greater than the 
?rst percentage. The stent comprises at least one continuous 
?lament contained in both the ?rst and second sections. The 
?rst section of such a stent may be adapted for deployment in 
a ?rst portion of a body lumen having no intersecting lumen 
connected thereto, Whereas the second section is adapted for 
deployment in a second portion of the body lumen having one 
or more intersecting lumen connected thereto. 

[0017] A stent according to the present invention may also 
comprise a ?rst section having a ?rst stent architecture com 
prising one or more ?laments in a ?rst geometric con?gura 
tion, Wherein the ?rst stent architecture has a ?rst radial 
strength and a knoWn end effect comprising a reduction in 
radial strength along end lengths of the architecture. A second 
section of the stent, having a second stent architecture com 
prising one or more ?laments in a second geometric con?gu 
ration, has a radial strength substantially equal to the ?rst 
radial strength or at least greater than the radial strength 
imparted by the end effect, and comprises an end section 
connected to the ?rst section to counteract the end effect of 
the ?rst stent architecture. 

[0018] The present invention further comprises a method of 
treating a body lumen by implantation of any of the stent 
structures described herein. 

[0019] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary, but are not restrictive, of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The invention is best understood from the folloWing 
detailed description When read in connection With the accom 
panying draWing. It is emphasiZed that, according to common 
practice, the various features of the draWing are not to scale. 
On the contrary, the dimensions of the various features are 
arbitrarily expanded or reduced for clarity. Included in the 
draWing are the folloWing ?gures: 
[0021] FIG. 1 is a perspective vieW of a multi-section stent 
embodiment knoWn in the art. 

[0022] FIG. 2 is an enlarged vieW of a transition portion 
betWeen the braided stent architecture section and the laser 
cut architecture section of the stent embodiment of FIG. 1. 

[0023] FIG. 3 is an illustration of a stent according to the 
present invention Where the tubular stent has been cut open 
along a line parallel to the stent axis and ?attened. 

[0024] 
?exed. 

FIG. 4 is a schematic representation of a stent being 
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[0025] FIG. 5 is a schematic representation of a stent in its 
compressed state compared to its expanded state, illustrating 
the shortening of a stent during radial expansion. 
[0026] FIG. 6 is an illustration of a portion of a transition 
region betWeen a polygonal cell stent section and a braided 
stent section Where the tubular stent has been cut open along 
a line parallel to the stent axis and ?attened. 
[0027] FIG. 7 is an illustration of a portion of a transition 
region betWeen a Zig-Zag stent section and a braided stent 
section Where the tubular stent has been cut open along a line 
parallel to the stent axis and ?attened. 
[0028] FIG. 8 is an illustration of a portion of a transition 
region betWeen an overlapping polygonal cell stent section 
and a braided stent section Where the tubular stent has been 
cut open along a line parallel to the stent axis and ?attened. 
[0029] FIG. 9 is an illustration of a portion of a transition 
region betWeen a hybrid polygonal cell/overlapping Zig-Zag 
stent section and a braided stent section Where the tubular 
stent has been cut open along a line parallel to the stent axis 
and ?attened, and the overlapping Zig-Zag end Winding com 
prises sets of double ?laments that are parallel to one another. 
[0030] FIG. 10 is an illustration of an exemplary embodi 
ment of a stent and attached graft implanted Within a lumen 
according to the present invention, the stent having different 
stent architectures and lengths in its distal and proximal 
Wound sections, With the lumen and graft shoWn in cross 
section. 
[0031] FIG. 11 is a side vieW illustration of a three-piece 
modular bifurcated stent according to the present invention. 
[0032] FIG. 12 is a side vieW illustration of a tWo-piece 
modular bifurcated stent according to the present invention. 
[0033] FIG. 13 is an illustration ofa portion ofa transition 
region betWeen a Zig-Zag stent section and a braided stent 
section shoWing a Weld joining the tWo different stent sec 
tions. 
[0034] FIG. 14 is an illustration of a portion of a transition 
region betWeen a Zig-Zag stent section and a braided stent 
section shoWing a suture joining the tWo different stent sec 
tions. 
[0035] FIG. 15 is an illustration of a portion of a transition 
region betWeen a Zig-Zag stent section and a braided stent 
section shoWing a ?lament of the braided section looping 
around an apex section of the zigzag section to join the tWo 
sections. 
[0036] FIG. 16 is an illustration ofa portion ofa transition 
region betWeen a Zig-Zag stent section and a braided stent 
section shoWing a ?lament of Zig-Zag section looping around 
an overlap in the braided section to join the tWo sections. 
[0037] FIG. 17 is an illustration of a multi-section stent 
embodiment according to the present invention Wherein the 
Wound stent section and a braided stent section are connected 
together by a common graft, Where the tubular stent has been 
cut open along a line parallel to the stent axis and ?attened. 
[0038] FIG. 18 is an illustration of one end of a braided 
stent that is anchored by a higher-radial-strength stent over 
lapping the braided section as is knoWn in the prior art, Where 
both tubular stents have been cut open along a line parallel to 
the stent axis and ?attened. 
[0039] FIG. 19 is an illustration of a portion of a stent 
embodiment of the present invention shoWing the ends of 
certain ?laments bent into protruding anchors. 
[0040] FIG. 20 is a cross-sectional illustration ofa portion 
of a stent embodiment of the present invention shoWn 
implanted in an aorta bridging the renal arteries. 
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[0041] FIG. 21 is an illustration ofa portion of a transition 
region betWeen a hybrid polygonal cell/overlapping Zig-Zag 
stent section and a braided stent section Where the tubular 
stent has been cut open along a line parallel to the stent axis 
and ?attened, and the overlapping Zig-Zag end Winding com 
prises sets of double ?laments that intersect one another. 
[0042] FIG. 22 is an illustration of a portion of a stent 
embodiment of the present invention shoWn implanted in a 
lumen having a tortuous region, the lumen shoWn in cross 
section. 

DETAILED DESCRIPTION OF INVENTION 

[0043] The invention Will next be illustrated With reference 
to the ?gures Wherein similar numbers indicate the same 
elements in all ?gures. Such ?gures are intended to be illus 
trative rather than limiting and are included hereWith to facili 
tate the explanation of the apparatus of the present invention. 
[0044] FIG. 3 shoWs an exemplary stent embodiment 
according to the present invention Wherein the tubular stent 
has been cut along a line parallel to the tubular stent axis and 
?attened. As shoWn in FIG. 3, stent 10 comprises tWo end 
sections 12 and a middle section 14. Middle section 14 has a 
?rst stent architecture that comprises a braided stent such as is 
described in US. Pat. No. 4,655,771 to Hans I. Wallsten, and 
incorporated herein by reference, and end sections 12 have a 
second stent architecture that comprises a Wound stent. End 
sections 12 have a Wound stent architecture comprising one or 
more ?laments in a repeating con?guration having at least 
one bent portion. As shoWn in FIG. 3, the architecture of 
Wound section 12 is substantially similar to the architectures 
described inU.S. Pat. Nos. 5,354,308 and 5,395,390 to Simon 
et al., Which are incorporated herein by reference, and 
described further beloW. The structures described in the ’771 
Wallsten patent are merely examples of braided stent archi 
tecture, hoWever, just as the structures disclosed in the ’308 
and ’390 Simon patents are merely examples of particular 
Wound stent architectures. None of the structures disclosed in 
the above named patents, hoWever, are intended to be limit 
ing, as any number of different stent architectures may be 
used to create multi-section stents in accordance With this 
invention, as is described in more detail beloW. 

[0045] The braided middle section 14 as Well as the Wound 
end sections 12 comprise a plurality of ?laments 17. Such 
?laments typically comprise metallic Wire, such as nitinol, 
but may in the alternative comprise bioabsorbable or bio 
stable polymers as are knoWn in the art. The general use of the 
term “Wire” herein is thus not intended as a limitation to 

metallic Wire, but encompasses any type of ?lament 
[0046] Middle section 14 of stent 10, having the braided 
stent architecture, has a ?rst ?exibility and a ?rst radial 
strength, and end sections 12, having the Wound stent archi 
tecture, have a second ?exibility less than the ?rst ?exibility 
and a second radial strength greater than the ?rst radial 
strength. As used herein, “?exibility” or stiffness can be 
described in terms of the amount of force required to bend a 
stent into an arc. For example, referring to the schematic 
representation in FIG. 4, the force f required to bend tubular 
stent 20 of a particular length into a given arc having a central 
angle and a given arc radius, is a measure of the stent ?ex 
ibility. Thus, comparing tWo stents of equal length With dif 
ferent stent architectures, the stent requiring greater force to 
bend it into a given arc is relatively stiffer, Whereas the stent 
requiring lesser force is relatively more ?exible. 
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[0047] A measure of the “kink resistance” of a stent is the 
kink angle (Xk or kink radius Rk at Which the stent kinks (i.e., 
When the tubular con?guration becomes disrupted by crease 
22 as shoWn in FIG. 4). Thus, if one compares the kink angle 
and kink radius of one tubular stent of a particular length 
having a ?rst stent architecture to another tubular stent having 
the same length but a second stent architecture, the stent 
architecture having a lesser kink radius and a greater kink 
angle has the mo st kink resistance. As is Well knoWn in the art, 
it is desirable to provide a stent Which has good kink resis 
tance, the extent to Which is determined by the degree of 
tortuosity of the site Where the stent Will be deployed and, to 
a lesser extent, the degree of tortuosity of the path to the place 
of deployment. 
[0048] As used herein, “radial strength” can be described 
generally as the resistance of a stent to radial compression. A 
stent With more radial strength exerts a greater outWard radial 
force When compressed than does a stent With less radial 
strength. Thus, for example, a shape memory expandable or 
resiliently compressible stent may have a fully expanded 
diameter and a constrained diameter as deployed Within a 
lumen. The fully expanded diameter is the diameter to Which 
the stent Would expand Without any constraint. At the con 
strained diameter, the stent exerts a radial force F against the 
lumen, Which When distributed over the surface area A of 
contact betWeen the stent and the lumen can be expressed as 
a pressure PIP/A in force per unit area. Thus, radial strength 
can be expressed in terms of radial force or radial pressure. 
When comparing the radial strength of tWo stents having 
different stent architectures, if both stents have the same 
surface area A of contact (Which is the same as having the 
same contact length Where the diameters are equal), radial 
force may be one proper measure of radial strength. If one 
stent has a different surface area than the other, hoWever, 
radial pressure is a more appropriate measure of radial 
strength. The radial strength and ?exibility required depend 
primarily on the characteristics of the body lumen Where the 
stent is to be deployed, and one skilled in the art can select a 
desired degree of stent radial strength and/ or ?exibility based 
on such characteristics. 

[0049] As described in the background section, stents are 
typically inserted into a body lumen from a remote location 
through an insertion point in the body through Which an 
“introducer”, containing the stent in a radially compressed 
con?guration, is threaded and navigated through the body 
lumen to the deployment location, Where the stent is deployed 
in a radially expanded con?guration. As referred to herein, 
“distal” refers to the direction further aWay from the insertion 
point and “proximal” refers to the direction closer to the 
insertion point. As shoWn in FIG. 5, stent 20 may have a ?rst 
length LC When radially compressed and a second, shorter 
length L E When radially expanded. The “shortening ratio” 

LC 
5 

can be used as a measure of this change in length. Braided 
stents typically have a relatively large shortening ratio as 
compared to standard Wound stents. In general, it is desirable 
to reduce the shortening ratio to as close to l as possible in 
order to facilitate accurate deployment and to avoid stresses 
on a graft attached to the stent. 
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[0050] The speci?cation and claims use the terms “stent 
architecture” and “geometric con?guration” throughout. As 
used herein, “stent architecture” refers to all aspects of the 
stent construction, including geometric con?guration, 
dimensions, and methods of formation. There are various 
categories of architecture, such as, Wound stent architecture, 
braided stent architecture, laser cut tube stent architecture, 
?lamentary stent architecture, polygonal cell stent architec 
ture, or Zig-Zag stent architecture. The various categories of 
stent architecture may overlap one another. For instance, one 
stent may comprise a ?lamentary, Wound, polygonal cell stent 
architecture, Whereas another stent may comprise a laser cut 
tube, polygonal cell stent architecture. “Filamentary” indi 
cates that a stent comprises one or more ?laments formed into 

the stent architecture, Whereas a “laser cut tube” indicates that 
the stent comprises a tube that has been cut by a laser to form 
the geometric elements. Although there are numerous broad 
categories of stent architecture, Within each broad category 
there are a number of stent architectures that are considered 
“different” for the purposes of this speci?cation and claims. 
For example, one region of a stent having a certain height 
geometric element may be considered a ?rst stent architecture 
Whereas another region of the same stent having a similar 
geometric element of a different height may be considered a 
second, different stent architecture. Other differences in 
architecture from one region to another may include, for 
example, the number of elements in each hoop or the ratio of 
connected to unconnected elements betWeen adjacent hoops. 

[0051] As mentioned above, one component of stent archi 
tecture is geometric con?guration. The “geometric con?gu 
ration” refers to the geometric shape of the elements created 
Within the stent. Thus, for instance, a stent having a ?lamen 
tary, Wound, polygonal cell stent architecture may have a 
geometric con?guration Wherein the cells are hexagonal and 
have a ?rst siZe. Another stent having hexagonal cells of a 
second siZe still has the same geometric con?guration as the 
stent having the hexagonal cells of the ?rst siZe, but has a 
different stent architecture. As described herein, a stent sec 
tion comprising ?laments in a repeating con?guration having 
at least one bent portion describes any of the ?lamentary and 
non-braided stents (such as those disclosed in this applica 
tion) having some repeating con?guration With a bent portion 
(i.e., either a curve or bend Where the ?lament deviates from 
a linear direction as vieWed When the stent is cut along its 
length and laid ?at). 
[0052] Returning noW to FIG. 3, stent 10 comprises an 
embodiment Wherein all ?laments 17 are continuous ?la 
ments that extend from the Wound end sections 12 into the 
braided middle section 14. Thus, end sections 12 and middle 
section 14 both have the same number of ?laments, Wherein 
the middle section consists only of ?laments Which also 
extend into the end section. In another embodiment, shoWn in 
FIG. 6, Wound section 112 has a different number of ?laments 
17 than braided section 114. Thus, braided section 114 com 
prises a plurality of ?laments 18 that do not extend into 
Wound section 112. The continuous ?laments extending from 
Wound section 1 12 into braided section 1 14 may be redundant 
and/or tracer ?laments 117. As referred to herein, a “redun 
dant” ?lament or Wire denotes a Wire or ?lament that runs 
adjacent to another ?lament for some length of that element, 
Wherein the ?lament to Which the redundant ?lament runs 
adjacent is referred to as being an “integral” ?lament to the 
stent architecture. Thus, for instance, in FIG. 6, ?laments 117 
are redundant to the integral ?laments 118 of the braided stent 
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architecture of section 114. The term “tracer” is used to 
describe radiopaque (RO) marker ?laments having a different 
degree of radiopacity than the surrounding ?laments such that 
it is readily identi?able by ?uoroscopic techniques. Such 
tracer ?laments are typically redundant ?laments. Although 
?lament 117 may be a tracer ?lament, it may simply be a 
redundant, non-tracer ?lament. Similarly, it is possible to use 
any other ?lament, including an integral ?lament, such as 
?lament 118, as a tracer ?lament. 

[0053] FIG. 6 shoWs only the transition portion betWeen 
braided section 114 and Wound section 112 of a multi-section 
stent 120. Wound end section 112 may be at one end of stent 
120 and braided section 114 may be in the middle, similar to 
the general layout shoWn in FIG. 3. In the alternative, stent 
120 may have the braided and Wound stent architectures at 
other locations Within the overall stent con?guration, as 
necessitated by the application. Furthermore, Wherein a 
redundant ?lament (such as ?laments 117) originates from a 
?rst stent architecture and extends into a second stent archi 
tecture, it may extend completely through both stent archi 
tectures, or only into a portion of the second architecture. For 
instance, such ?laments may extend from a Wound section 
112 on one end of stent 120 as shoWn in FIG. 6, all the Way 
through braided section 114, and emerge from the braided 
section to form a second Wound section (not shoWn) on the 
other end of stent 120. In the alternative, such ?laments may 
extend only partially from the ?rst into the second architec 
ture, such as extending only a limited number of roWs 108 of 
overlaps 8 into braided section 114. Thus, for instance, 
braided section 114 of stent 120 as shoWn in FIG. 6 may 
extend for some distance beyond the portion of the stent 
shown in FIG. 6 whereas redundant ?laments 117 may ter 
minate at the length shoWn or at any length less than the full 
length of braided section 114. 
[0054] As shoWn in FIG. 6, Wound section 112 comprises a 
stent architecture having a plurality of polygonal, hexagonal 
cells 30 having as sides thereof straight axially-extending 
portions 32 joined together along a set of parallel lengths 34, 
the parallel lengths deviating from one another proximally 
and distally of each parallel length into diagonal lengths 36, 
such that each set of parallel lengths and attached diagonal 
lengths form aY-shaped intersection 38. As shoWn in FIG. 6, 
the polygonal cell stent architecture in Wound section 112 
terminates at set of parallel lengths 34, Which may be joined 
together by Welding, suturing, or any means knoWn in the art. 
In another embodiment, such as is shoWn in FIG. 3 and 
described herein later, the polygonal cell architecture may 
terminate in a Zig-Zag end Winding. Yet another exemplary 
termination embodiment for a polygonal cell architecture is 
shoWn in FIG. 19. 

[0055] As shoWn in FIG. 6, the diagonal lengths 36, of each 
Y-shaped intersection 38, at interface 40 betWeen the Wound 
section 112 and the braided section 114 extend from the 
Wound section and are interWoven into the braided section as 
redundant ?laments 117. Although not shoWn in FIG. 6, such 
?laments could also form part of the integral structure of the 
braided section 114, thus forming a connection betWeen the 
tWo sections. As used herein, “integral” means necessary 
(non-redundant). For example, as shoWn in FIG. 3, the diago 
nal lengths 36 of eachY-shaped intersection 38 at interface 40 
betWeen Wound end section 12 and braided middle section 14 
extend into the Wound section such that the braided section 
consists only of such ?laments extended from the Wound 
section. Thus, each ?lament 17 in each Wound end section 12 
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continues into braided middle section 14 as a non-redundant 
?lament 17 meshed into the braided stent architecture. 

[0056] Multi-section stent embodiments in accordance 
With this invention having continuous Wire ?laments extend 
ing across the multiple sections (i.e. from the Wound to the 
braided sections) have certain advantages, including that no 
further connection is required betWeen the tWo stent sections. 
The continuous Wires also provide a smooth transition 
betWeen regions, rather than a sharp transition, thereby mini 
miZing kinking. The smooth transition spreads out any strain, 
such as due to bending at the interface, over a continuous 
section of Wire, rather than concentrating strain at, for 
instance, a Weld point. Embodiments comprising only con 
tinuous Wires that are integral to both the Wound and braided 
section (such as is illustrated in FIG. 3) eliminate any loose 
ends that might otherWise become unraveled or pulled out of 
the braided con?guration and/or protrude from the braided 
con?guration in a Way that can snag the body lumen or the 
graft. 
[0057] The polygonal cell architecture shoWn in Wound 
section 112 of stent 120 shoWn in FIG. 6 is particularly Well 
suited for applications in Which it is desired to be able to 
expand the stent from the compressed to the expanded con 
?guration Without a substantial degree of tWist, meaning that 
there is no substantial change in the tWisting of the stent 
betWeen the radially compressed and expanded con?gura 
tions. Because the polygonal cell architecture is a non-helical 
Winding, there is substantially no inherent tWisting of the 
stent structure betWeen the compressed and expanded con 
?gurations. Similarly, the braided stent architecture has sub 
stantially no inherent tWist as each ?lament oriented in one 
helical direction has another equivalent ?lament oriented in 
the opposite helical direction. The absence of tWist is referred 
to herein as having no “substantial” tWist because, although 
the braided stent and polygonal cell architectures discussed 
herein are not intended to have tWist, some negligible but 
potentially measurable amount of tWist may be present due to 
tension during the Winding process or other facts. Thus, “sub 
stantially” no tWist means that any tWist is minimiZed to be 
essentially negligible and that there is no tWist arising from 
stent geometry, only residual stress as may be imparted in the 
manufacturing process, for example. 
[0058] In an alternate embodiment, shoWn in FIG. 7, stent 
220 comprises a ?rst section 214 that has a braided stent 
architecture connected to a second section 212 comprising a 
helically Wound Zig-Zag stent architecture. The Zig-Zag stent 
architecture comprises a plurality of struts 200 joined at apex 
sections 202, With a plurality of alternating oppositely 
pointed apex sections arranged into hoops 204a, 204b, 2040, 
and 204d. Apex sections 202 pointing in a ?rst direction can 
be referred to peaks 206 and apex sections pointing in the 
opposite direction can be referred to as a valleys 208, With any 
circumferentially adjacent, oppositely pointing apex sections 
together With three adjacent struts 200 forming a Zig-Zag. As 
shoWn in FIG. 7, each ?lament 217 of Wound second section 
212 extends into braided ?rst section 214 as a redundant 
?lament, Which may be a tracer. In Wound second section 212, 
each ?lament makes one full Zig-Zag in ?rst hoop 204a and 
then extends into axially adjacent hoop 20419 Where it makes 
another full Zig-Zag before extending into to hoop 2040, and 
so on. Where one ?lament lies adjacent to another along struts 
200a and 20019 of adjacent apex sections 202a and 202b, the 
?laments may be joined together, such as by Welding or 
suturing, or any means knoWn in the art. Although four hoops 
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204a-d are shown in FIG. 7, any number of hoops may be 
constructed, as required by the application. Similarly, each 
?lament may make more than one Zig-Zag before moving to 
the next hoop, may extend axially such that each ?lament 
skips one or more hoops before making the next Zig-Zag, may 
cross over another ?lament of an off-phase Zig-Zag, and/or 
may lie adjacent to another ?lament for a greater distance than 
just one strut. Thus, the zigzag architecture shoWn in FIG. 7 
is merely one exemplary Zig-Zag embodiment, but is not 
intended to limit the invention thereto. 

[0059] Returning noW to FIG. 3, Wound end section 12 is a 
hybrid betWeen the polygonal cell stent architecture and the 
zigzag architecture. As shoWn in FIG. 3, Wound end section 
12 comprises three roWs 31 of hexagonal cells 30 and termi 
nates in an end Winding 42 that comprises a Zig-Zag structure. 
As such, one of the straight axially-extending portions 32a in 
the end set of parallel segments 34e terminates at the end of 
the set of parallel segments, Whereas the other straight axi 
ally-extending portion 32b continues onWard to form a diago 
nal 36 Which then forms a Zig-Zag 44. Where the Zig-Zags 44a 
and 44b of adjacent polygonal cells 30 overlap, they may be 
joined together, such as by Welding, suturing, or by any means 
knoWn in the art. The Zig-Zag end Winding may comprise 
more than one roW of Zig-Zags, as desired. Also, rather than 
being an end Winding, the zigzag structure may be interme 
diate a braided section and a polygonal cell section, or may be 
one of any number of sections having different architecture 
Within a single, continuous stent embodiment. 

[0060] A Zig-Zag end Winding 42 may be particularly 
advantageous as compared to terminating Wound end section 
12 at set of parallel lengths 34 as shoWn in FIG. 6, in that the 
zigzag end Winding provides greater radial strength, rounds 
the ends, and eliminates any Wires axially protruding from the 
end of stent 10. Thus, a Zig-Zag end Winding 42 coupled With 
an embodiment Without redundant ?laments, such as is 
shoWn in FIG. 3, optimally minimiZes any such protruding 
Wires from the stent. The minimiZation of protruding Wires 
helps to minimiZe potential snagging of the stent during load 
ing and deployment of the stent and minimiZes the potential 
for puncturing or irritating the lumen Wall With the sharp, 
protruding Wires. Minimization of protruding Wires also 
facilitates retracting and repositioning the stent after partial 
deployment. 
[0061] Although Zig-Zag end Winding 42 minimiZes axially 
protruding Wires, in some applications it may be desired to 
provide protruding Wires as anchoring hooks to help maintain 
the position of a stent once it is deployed in a body lumen. For 
example, one such end Winding style, shoWn in FIG. 19, 
comprises one axially-extending portion 32a of set of parallel 
lengths 34e de?ning the end periphery of cell 30 and abutting 
an axially-extending portion 32b of an adjacent set of parallel 
lengths. The ends of portions 32a and 32b may merely be 
turned in toWard the center of cell 3 0 and clipped substantially 
in line With the set of parallel lengths 34e (so that there are no 
protruding ends) as shoWn at termination 3311, or one of the 
portions, such as 32a, may instead be bent into a protruding 
termination 33b in the form of an anchor or hook that pro 
trudes circumferentially from the stent. Such an anchor 33b 
helps to anchor the stent into the Wall of the lumen (not 
shoWn) into Which the stent is implanted, as is knoWn in the 
art. An end Winding may comprise a mixture of both the 
non-protruding terminations 33a and protruding terminations 
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33b, for example, in a pattern such as having one protruding 
termination after every 3 non-protruding terminations, as 
shoWn in FIG. 19. 

[0062] Thus, according to the present invention, the Wound 
section, Which generally has a greater radial strength and 
lesser ?exibility than the braided section, may, for example, 
comprise one or more of: a Zig-Zag con?guration, an overlap 
ping Zig-Zag con?guration, a helical con?guration, a non 
helical con?guration, or a con?guration having polygonal 
cells. The polygonal cells may comprise, for example, hex 
agonal cells or overlapping hexagonal cells. These geometric 
con?gurations are not limiting, hoWever, as any ?lamentary 
stent architecture comprising any geometric con?guration 
knoWn in the art may be used. The ?laments or Wires that 
comprise the braided section may comprise only ?laments 
that extend into and are integral to the Wound section, or the 
braided section may have additional ?laments that do not 
extend into the Wound section. The ?laments from the Wound 
section may extend into the braided section as non-redundant 
elements of the braided section, or may extend into the 
braided section as redundant ?laments. One or more Wound 
sections may comprise end sections so connected to braided 
sections, or the Wound or braided sections may be located 
anyWhere along the length of the stent. 
[0063] Within the various combinations and permutations 
of knoWn stent architecture variables, any number of embodi 
ments are possible. The length and/or architecture of the 
Wound section can be tailored to each application to provide 
the radial strength desired. The several embodiments shoWn 
in FIGS. 3 and 6-9 and/or described beloW, therefore, are only 
exemplary and are not intended to be limiting. Thus, for 
example Wound section 112 as shoWn in FIG. 6 consisting of 
polygonal cells 30 With no Zig-Zag end Winding may be com 
bined With braided section 14 as shoWn in FIG. 3. In such 
case, diagonals 36 extending fromY-shaped intersection 38 at 
interface 40 of the Wound stent architecture 112 as shoWn in 
FIG. 6 extend into braided stent architecture 14 as non-redun 
dant elements of the braided stent architecture 14 as shoWn in 
FIG. 3, rather than as redundant elements as shoWn in FIG. 6. 
Furthermore, the combination of stent architectures is not 
limited to only tWo types of architectures, such as one Wound 
section connected to one braided section, or even three dif 
ferent stent architectures, such as a braided section connected 
to a polygonal cell section With a Zig-Zag end Winding, but 
rather may comprise any number of different architectures in 
combination as needed to meet the needs of the speci?c 
application. 
[0064] As shoWn in FIG. 8, the polygonal cells 330 in 
Wound section 312 of stent 320 may overlap one another. The 
large overlapping hexagonal polygonal cells 330 thus circum 
ferentially bisect each other into four sub-cellsitWo hexago 
nal sub-cells 332 and tWo diamond-shaped sub-cells 334 to 
create roWs 336 (or hoops When in tubular form) of hexagons 
alternating with roWs 338 of diamonds. Although shoWn in 
FIG. 8 Wherein braided section 314 does not comprise redun 
dant ?laments, an alternate embodiment may be constructed 
With redundant ?laments. The overlapping cell architecture 
may be further modi?ed by adding a Zig-Zag end Winding, 
such as end Winding 42 as shoWn in FIG. 3. Depending Where 
the end Winding is positioned axially, hoWever, the resulting 
Wound section may have only partial or full large hexagonal 
cells 330 and greater or feWer roWs 336 of hexagonal sub 
cells 332 or roWs 338 ofdiamond sub-cells 334 than as shoWn 
in FIG. 8. For example, section 512p in FIG. 10 illustrates 
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such an overlapping call architecture having a Zig-Zag end 
Winding, Where only partial large hexagonal cells 330 are 
present. 
[0065] The many permutations include a stent comprising a 
Wound section 212 having a Zig-Zag stent architecture such as 
is shoWn in FIG. 7, except that ?laments 217 extend from 
Wound section 212 into braided section 214 as non-redundant 
?laments such as is shoWn in FIG. 3, rather than as redundant 
?laments as shoWn in FIG. 7. Thus, a braided section 14 as 
shoWn in FIG. 3 may consist only of ?laments 17 that extend 
betWeen and are integral to both the braided section 14 and a 
Zig-Zag Wound section similar to section 212 shoWn in FIG. 7. 

[0066] As shoWn in FIG. 9, stent 420 may comprise a 
Wound section 412 comprising a hybrid polygonal cell and 
Zig-Zag architecture Wherein the zigzag end Winding 442 is 
an overlapping Zig-Zag structure. In an overlapping Zig-Zag 
structure, as shoWn in FIG. 9, adjacent Zig-Zags circumferen 
tially bisect one another, such that each strut 40011 of a ?rst 
Zig-Zag approaching an apex section 402 pointed in one direc 
tion crosses over another strut 40019 of a second Zig-Zag 
coming from a circumferentially-adjacent apex section 402 
pointed in the same direction, creating a roW of diamond 
shaped cells 434. In any of the hybrid hexagonal cell/Zig-Zag 
or hexagonal cell/ overlapping Zig-Zag structures, the number 
of roWs of hexagonal cells to Zig-Zag or overlapping Zig-Zag 
roWs may be varied, With an equal number of roWs of each 
type or more roWs of one type than the other. A Zig-Zag and 
overlapping Zig-Zag architecture could also be combined. 
Although shoWn in FIG. 9 Wherein braided section 414 does 
not comprise redundant ?laments, an alternate embodiment 
may be constructed With redundant ?laments. 

[0067] The overlapping Zig-Zag structure shoWn in FIG. 9 
provides sets of double ?laments 404 extending parallel to 
one another. Such a con?guration may impart a tWisting force 
upon expansion of the stent, Which may be undesirable for 
certain applications. Therefore, to minimiZe any tWisting 
forces, another embodiment of the overlapping Zig-Zag struc 
ture, shoWn in FIG. 21, may be constructed. As shoWn in FIG. 
21, the overlapping Zig-Zag structure is similar to that shoWn 
in FIG. 9, except that the double ?laments 404 cross over one 
another, providing a pattern consisting of sets 406 of crossed 
double ?laments 404 alternating With sets 408 of crossed 
single ?laments 410. As such, for each set of double ?laments 
oriented in one direction, there is a set of double ?laments 
oriented in the opposite direction such that any tWisting forces 
are counteracted. 

[0068] Although stent 10 depicted in FIG. 3 having Wound 
end sections 12 and a braided middle section 14 shoWs iden 
tical end sections 12 having equal lengths L12, an equal num 
ber of roWs of polygonal cells 30, and the same stent archi 
tecture, a stent may also be constructed Wherein each Wound 
end section is different. For example, as shoWn in FIG. 10, 
because stent 520 is implanted With its distal end section 512d 
upstream from proximal end section 512p relative to blood 
?oW along arroW B inside lumen 524, it is often desirable to 
have an especially effective seal betWeen the graft covering 
510 of stent 520 and the Walls of lumen 524 to prevent blood 
from seeping betWeen the graft and the lumen. A key factor in 
the effectiveness of the seal is the radial strength exerted by 
distal end section 512d against lumen 524. Because the 
dynamic pressure exerted by the blood ?oW attempting to 
seep betWeen graft 510 and lumen 524 is strongest at the distal 
end section 512d, a higher overall radial strength may be 
required at the distal end section 512d than at the proximal 
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end section 512p. Thus, stent 520 may have a different stent 
architecture (for example, a Zig-Zag end Winding) in the distal 
end section than at the proximal end section, or the end 
sections may have the same stent architecture With a longer 
length Ld of the distal end section than length LP of the 
proximal end section. As shoWn in FIG. 10, Wound section 
512d has a different architecture than section 512p and a 
length Ld that is longer than length LP. In an alternative 
embodiment, a stent may have a Wound end section only on 
one end, for example the up stream end, and no Wound section 
at the opposite end. 

[0069] The various multi-section stents as described herein 
may be particularly Well-suited to the construction of modu 
lar stents adapted for assembly in situ. Such modular stents 
comprise at least tWo modular components. For example, as 
shoWn in FIG. 11, modular stents are frequently used in 
applications directed for implantation in branching lumen, 
such as for repairing aneurysms of the aorta in the section of 
the aorta Which branches into the right and left iliac arteries. 
Non-bifurcated modular stents are used in non-branching 
lumen. Thus, although discussed herein With respect to the 
bifurcated stent shoWn in FIG. 11, multi-section stents of the 
present invention may be applied to non-bifurcated modular 
stents as Well. 

[0070] As shoWn in FIG. 11, modular stent 48 comprises 
trunk component 50 and at least one modular leg component 
60. Trunk component 50 further comprises a multi-section 
stent of the present invention in Which there is a braided 
middle section 54 and a Wound distal end section 51 and 
Wound proximal end section 52. The Wound proximal end 
section 52 of trunk component 50 is bifurcated into tWo 
connection sockets 56. Each leg component 60 similarly 
comprises a braided middle section 64 and a Wound distal end 
section 61 and Wound proximal end section 62. Thus, the 
braided middle sections of both components have a greater 
?exibility than the Wound end sections, and the Wound end 
sections have a greater radial strength than the braided middle 
section. In accordance With the present invention, each com 
ponent 50 and 60 has at least one continuous ?lament 17 
integral to both the braided and Wound sections. As each 
component also has a radially compressed con?guration and 
a radially expanded con?guration, the braided stent architec 
ture generally tends to have a shortening ratio that is greater 
than the shortening ratio of the Wound stent architecture. Leg 
component 60 is adapted to be ?tted together With trunk 
component 50 such that distal end sections 61 of the leg 
component interlocks inside proximal end section 52 of the 
trunk component into one of the sockets 56. 

[0071] Bifurcated stent embodiments of the present inven 
tion may resemble stent 48 shoWn in FIG. 11, Wherein there 
are tWo leg components 60 that each interlock inside the 
connection sockets 56 of the proximal end section 52 of the 
trunk component, or may resemble stent 78 as shoWn in FIG. 
12. Stent 78 comprises a trunk component 70 having a distal 
end section 71, a trunk middle section 74 connected to the 
trunk distal end section 71, a trunk bifurcated section 72 
connected to the trunk middle section and branching into a 
contralateral socket 76 and an integral leg transition 77. The 
integral leg transition is connected to an integral leg middle 
section 78 Which is connected to an integral leg proximal end 
section 79. Modular leg component 60 of stent 78 is similar to 
the modular leg component described for stent 48 as shoWn in 
FIG. 11. Instead of having tWo modular legs as shoWn in FIG. 



US 2010/0274346 A1 

11, however, stent 78 has only a single leg 60 that connects 
into contralateral socket 76 of trunk component 70. 
[0072] The use of multi-section stents of the present inven 
tion in bifurcated applications has certain advantages over 
bifurcated stents having other con?gurations. For example, 
bifurcated stents are typically used to treat aortic aneurysms 
and thus often incorporate a graft covering. Because of the 
large shortening ratio common to braided stent designs, the 
use of braided stents having graft coverings requires graft 
coverings that can accommodate shortening. Although such 
accommodating graft coverings are known, the use of braided 
stents in a bifurcated region, such as trunk bifurcated section 
72, creates a complex geometry that complicates the pairing 
of graft to stent. Furthermore, the process for creating bifur 
cated regions using a braided stent may also be someWhat 
more complex than that for creating such a region using a 
Wound stent. Thus, any complexities of using a braided archi 
tecture in a bifurcated region may be avoided by the use of a 
Wound stent architecture in the bifurcated region of such a 
stent. 

[0073] Additionally, because the present invention enables 
tailoring of different sections of a stent for different radial 
strength and ?exibility, tWo- or three-piece bifurcated designs 
such as are shoWn in FIGS. 11 and 12 can be designed With a 
relatively short trunk section socket. The relatively short 
socket length is possible because the overall radial force 
needed to create a seal Where the modular leg overlaps the 
inside of the trunk section socket can be distributed over a 
smaller surface area of contact using a higher radial strength 
stent section. Overlapping sections tend to be less ?exible 
than non-overlapping sections, and may be subject to kinking. 
Thus, potential kinking due to overlapping stents sections can 
be reduced via minimizing the length of the overlapping 
section. A shorter socket length enables a shorter overall trunk 
length and longer, more ?exible leg sections. 
[0074] Although the modular stent embodiments shoWn in 
FIGS. 11 and 12 comprise Wound end sections (i.e. sections 
51, 56, 61, and 62 in FIG. 11 and sections 61, 62, 71, 72 and 
79 in FIG. 12) With a common stent architecture, or at least a 
common geometric con?guration, and middle sections (i.e. 
sections 54 and 64 in FIG. 11 and sections 54, 75, and 78 in 
FIG. 12) having a common braided architecture, each indi 
vidual section may have a different stent architecture, includ 
ing a different geometric con?guration. 
[0075] Several embodiments of Wound ?lament stent archi 
tectures joined With braided ?lament stent architectures have 
been described above Wherein each embodiment included a 
continuous ?lament Which extends betWeen both the Wound 
and braided architectures for connecting the tWo stent sec 
tions. Other joining means can also be provided. FIGS. 13-16 
shoW portions of different embodiments of an exemplary 
transition region betWeen a Zig-Zag stent architecture section 
90 and a braided stent architecture section 92. As shoWn in 
FIG. 13, braided section 92 may be connected to the Wound 
section 90 by a Weld 94. Instead, as shoWn in FIG. 14, braided 
section 92 and Wound section 90 may be connected by a 
suture 96. 

[0076] In another embodiment, as shoWn in FIG. 15, a 
?lament 97 of braided section 92 may be looped around an 
apex section 202. Filament 97 may be a continuous ?lament 
that is interWoven into braided section 92, or tWo ?laments 
Welded together Where the ?laments meet after looping 
through apex section 202. Filament 97 may be interWoven 
through the entire length of braided section 92 as a redundant 
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or non-redundant member, or may extend through only a 
portion of the braided section 92 as a redundant member. 
Rather than a ?lament of the braided section looping through 
the Wound section, a ?lament 99 Which forms apex section 
202 of Wound section 90 may be looped around an overlap 8 
in braided section 92, as shoWn in FIG. 16. Additionally, any 
of the con?gurations shoWn in FIGS. 13-16 may be com 
bined. 

[0077] As shoWn in FIG. 17, Where stent 101 comprises a 
common graft 100 attached to both braided section 102 and 
Wound section 104 of the stent, the common graft may pro 
vide the connection betWeen the braided section and the 
Wound section. Graft 100 may be connected to stent 101 by, 
for example, sutures 106 as shoWn in FIG. 17, or by staples, 
adhesive bonds, or any means knoWn in the art. Stent 101 and 
attached graft 100 shoWn in FIG. 17 are illustrated With the 
tubular stent/ graft combination cut along a line parallel to the 
stent axis and ?attened, With the stent shoWn overlying the 
graft. Graft 100 may be an outer covering for stent 101, in 
Which case FIG. 17 shoWs an internal vieW, or graft 100 may 
be an inner liner for stent101, in Which case FIG. 17 shoWs an 
external vieW. 

[0078] Although the use of stents generally is Widespread 
in endovascular applications Where the stent is deployed in a 
blood vessel, this invention may also be bene?cial for appli 
cations in other body lumen. The advantages inherent in this 
invention, Which combines the ?exibility found in braided 
stent architectures With the secure anchoring force and stent 
end patency provided by Wound stent architectures, are par 
ticularly Well-suited for applications in any tortuous lumen. 
Thus, for instance, this invention may be advantageous for 
use in enteral applications that require ?exibility to conform 
to a tortuous intestine but that also require strong anchoring 
forces to hold the stent in place. Additionally, the treatment of 
ostial lesions, such as in bilary or renal applications, Where 
strong anchoring and radial strength is particularly needed at 
the end of the stent, may also bene?t from this invention. 
Therefore, this invention is applicable to a broad range of 
stent diameters, from femoral applications in the 6 mm range 
and iliac applications in the 8 mm range, to aortic trunk 
applications in the 34 mm range and thoracic applications in 
the 45 mm range. 

[0079] Although described herein With respect to certain 
specialiZed embodiments, such as embodiments for treating 
abdominal aortic aneurysms (AAA) or for providing greater 
radial strength at the ends of a stent for anchoring, the present 
invention may be applied across a broad range of applica 
tions. An important advantage offered by this invention, is 
that it alloWs controlled tailoring of the radial strength of a 
particular portion of a stent as necessary to meet an applica 
tion. Therefore, although providing ends With greater 
strength may be one application, the invention may be used to 
provide controlled radial strength in any portion of the stent, 
including to provide lesser strength in certain sections if 
desired. For example, referring noW to FIG. 22, to facilitate 
the conformance of a stent 700 to one or more knoWn tortuous 

regions 702 in a lumen 704 into Which the stent is to be 
implanted, the stent may be designed With one or more rela 
tively ?exible sections, such as braided section 706 as com 
pared to Wound sections 708, to align With the tortuous 
region. Wound sections 708 are not necessarily end sections, 
and thus stent 700 may further comprise other ?exible regions 
therein, for example, to accommodate other tortuous regions 
of lumen 704. 
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[0080] In yet another embodiment, the invention may be 
used to provide the same degree of radial strength across the 
entire length of a stent, rather than to provide an increased or 
decreased radial strength in some portion. For example, a 
Wound end section on a braided stent may be provided to 
counteract a lesser radial strength that Would otherWise be 
present at the ends of a particular stent architecture. For 
example, braided stents have a knoWn end effect Wherein the 
radial strength at the ends of the braided architecture is less 
than in the middle. This problem is sometimes addressed by 
?aring the braided ends (so that When compressed to the same 
diameter as the rest of the stent, the radial force exerted is the 
same). In accordance With this invention, hoWever, a Wound 
end section may be provided at the end of the braided section 
to provide the same degree of radial strength across the entire 
length of the stent, or at least a greater degree of radial 
strength in the end section than Would otherWise be present 
due to the end effect. Such a Wound end section may or may 
not be ?ared. Such a stent may have a super?cial appearance 
similar stent embodiments described and illustrated herein, 
such as, for example, stent 10 as shoWn in FIG. 3, but having 
feWer roWs 31 of cells 30 and no end Winding 42, such that the 
radial strength of end 12 is only su?icient to counteract the 
end effect of braided section 14, but not to provide greater 
strength than the remainder of the stent. 

[0081] The unlimited combinations of different ?lamentary 
stent architectures in accordance With the present invention 
may be bene?cial not just because such combinations enable 
control of the radial force at various points along the length of 
the stent, but also because such combinations may provide 
other structural advantages. For example, referring noW to 
FIG. 20, there is shoWn an embodiment Wherein a stent 600 is 
implanted in a region of an aorta 602 adjacent intersecting 
renal lumen 604. Although braided section 606, Which may 
have a graft covering 608, is desirable for its ?exibility beloW 
and above renal lumen 604, the dense, close-knit structure of 
the braided section, having a ?rst percentage of open area, 
Would block blood ?oW into the renal lumen if it extended 
across them, even Without covering 608. In fact, in some 
cases, lumen of lesser physiological importance than renal 
lumen 604 (for example, capillaries that provide redundant 
vascular pathWays to areas that can be served by other path 
Ways) are intentionally covered in the process of treating an 
aneurysm or other problem in the main lumen With a graft 
lined or covered stent. To prevent covering “important” inter 
secting lumen (lumen that cannot be covered Without poten 
tially serious impact to the patient) such as lumen 604, Wound 
section 612, having a polygonal geometry With a second 
percentage of open area greater than the ?rst percentage, is 
provided in the portion of the stent implanted adjacent renal 
lumen 604. As shoWn in FIG. 20, Wound section 612 has an 
even greater percentage of open area than sections 614a and 
61419 of polygonal architecture above and beloW it, respec 
tively. Section 612, as shoWn in FIG. 20, comprises a geo 
metric con?guration that is elongated, but essentially similar, 
to sections 614a and 6141). Section 61411 also comprises a 
Zig-Zag end Winding 642. The polygonal stent structure hav 
ing a greater percentage of open area provides negligible 
obstruction of blood ?oW into the renal lumen. Although 
greater radial strength may be provided in polygonal archi 
tecture section 612 as compared to braided section 606, sec 
tion 612, because of its elongated shape, has a lesser radial 
strength than sections 614a and 61419. In certain applications 
such differences in radial strength may not be necessary or 
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desired, but rather the greater percentage of open area in the 
stent architecture adjacent the renal branches may be the 
advantageous difference sought betWeen the sections of dif 
ferent architecture. 

[0082] “Percentage of open area” as used herein may be 
de?ned as: 

A, - Z Afp _ (nDSLS - Z DfLf) 
A, _ HDSLS 

Where 

[0083] As?he cylindrical surface area of the stent (J'IZDS L S) 
[0084] L S?he length of the stent portion at issue 
[0085] D S?he diameter of the stent 
[0086] ZA?D?he “projected” rectangular area (Df L) of 
each ?lament onto AS 
[0087] Df?he diameter of the ?lament 
[0088] Lf?he length of the ?lament contained Within 
length L S 

It should be noted that the projected area Aft, is not the same 
as the actual surface area of each ?lament length Lf, Which is 
equal to projected area A?, times at. 
[0089] The methods of constructing the various braided 
and Wound stent architectures are Well knoWn in the art. For 
example, the method for constructing the polygonal cell stent 
architecture is described in US. Pat. No. 5,540,712 to Kle 
shinski et al. and essentially comprises Winding the stent 
around pins on a mandrel. The Weaving of ?laments together 
into a braid is a Well-known operation, not just in the medical 
?eld, but also in textile manufacture. Combining the braided 
and Wound architectures can be undertaken by providing ?rst 
a braided stent by means knoWn in the art and leaving loose 
?laments protruding from one or both ends. These loose 
?laments can then be Wound around pins on a mandrel to 
make the Wound section. In the alternative, a Wound section 
can be ?rst constructed and then the loose ends protruding 
from that section braided, and then optionally, the loose ends 
protruding from the braided section Wound around a mandrel 
into another Wound section. Where, for instance a bifurcated 
stent such as is shoWn in FIG. 17 is constructed, alternation 
betWeen Winding operations and braiding operations may 
occur numerous times until all the requisite sections have 
been completed to meet the application needs. 
[0090] Although certain combinations of braided and 
Wound stent architectures have been described extensively 
herein, other combinations of stent architectures, each having 
different ?exibility, radial strength, or shortening character 
istics may be combined in accordance With this invention. 
Furthermore, although polygonal cell and Zig-Zag Wound 
stents have been described speci?cally herein, other Wound 
stent constructions may also be acceptable for combination 
With braided stent architectures. For example, a Wound stent 
architecture similar to that shoWn in sections 112 of FIG. 6 
may be constructed With polygonal cells 30 rotated by 90 
degrees such that parallel lengths 34 align circumferentially 
rather than axially. Also, Wound stent architectures as 
described in the following US. Patents and patent families 
claiming priority therefrom may be Well-suited for combina 
tion With braided stent designs by one or more of the methods 
described herein, the folloWing list of US. Patents being only 
exemplary, not limiting: 
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[0091] 5,019,090 Pinchuk 
[0092] 5,135,536 Hillstead 
[0093] 5,292,331 Boneau 
[0094] 5,282,824 Gianturco 
[0095] 5,354,308 Simon et al. 

[0096] 5,507,767 Maeda et al. 
[0097] 5,800,515 Nadal et al. 
[0098] Although a braided stent con?guration is discussed 
herein extensively as an exemplary ?exible architecture, 
other ?exible stent architectures knoWn in the art may also be 
used. Thus, generally, the present invention comprises a 
multi-section ?lamentary stent comprising a ?rst section, 
having a ?rst stent architecture comprising one or more ?la 
ments in a ?rst geometric con?guration, and a second section, 
having a second stent architecture comprising one or more 
?laments in a second geometric con?guration. The ?rst stent 
architecture has a ?rst ?exibility and a ?rst radial strength, 
and the second stent architecture has a second ?exibility less 
than the ?rst ?exibility and a second radial strength greater 
than the ?rst radial strength. The stent comprises at least one 
continuous ?lament integral to both the ?rst and second sec 
tions. The ?rst geometric con?guration is substantially dif 
ferent from the second geometric con?guration. In another 
embodiment, the ?rst and second stent architectures may 
differ in percentage of open area, but not necessarily differ in 
radial strength or ?exibility. In yet another embodiment, the 
?rst and second stent architectures may have the same radial 
strength and ?exibility Wherein the second architecture 
merely compensates for an end effect in the ?rst stent archi 
tecture that Would otherWise provide a lesser radial strength at 
the end. 
[0099] In addition to the various structures disclosed 
herein, the invention also comprises methods for treating a 
body lumen, the method comprising implanting any one of 
the stent structures described herein. In particular, one treat 
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ment method may comprise implanting one of the structures 
described herein With a higher-radial-strength segment at one 
or both ends of the stent, especially on the up stream end of the 
stent, as is shoWn in FIG. 10. Another treatment method may 
comprise implanting a more ?exible region aligned With a 
tortuous region of a lumen as shoWn in FIG. 22. Another 
treatment method may comprise implanting a stent according 
to this invention from a compressed to an extended con?gu 
ration Without imparting a tWisting motion to the stent. Yet 
another method may comprise implanting a segment having a 
greater percentage of open area adjacent to a region of the 
lumen having intersecting lumen, as is shoWn in FIG. 20. 
Finally, the invention also comprises a method of counteract 
ing an end effect of a braided stent by incorporating a Wound 
section onto the end of the braided stent, as described herein. 
[0100] Although illustrated and described above With ref 
erence to certain speci?c embodiments, the present invention 
is nevertheless not intended to be limited to the details shoWn. 
Rather, various modi?cations may be made in the details 
Within the scope and range of equivalents of the claims and 
Without departing from the spirit of the invention. 
What is claimed: 
1. A stent comprising: 
a cylindrical con?guration having opposed ?rst and second 

ends and comprising a braided portion and a Wound 
portion integral With the braided portion; and 

a plurality of ?laments interbraided to form the braided 
stent portion, 

Wherein the ?laments are bent to de?ne the ?rst opposed 
end; and 

further Wherein the ?laments are Wound in a repeating, non 
braided con?guration to de?ne Wound portion and to 
further de?ne the second opposed open end. 

* * * * * 


